Io57.-The isolated ventilated dog lung was perfused with heparinized gelatin, dextran and plasma. The typical response to endotoxin of the isolated lung perfused with heparinized whole blood does not occur when gelatin or dextran are substituted as the perfusate. When plasma free from formed elements is used, the pulmonary vascular response to endotoxin is either minimal or does not occur. Lungs perfused with dextran, gelatin and plasma were shown to be reactive by their characteristic response to test drugs and by their subsequent response to endotoxin during perfusion with heparinized fresh whole blood. It is believed that endotoxin does not have a direct effect on lung tissue but that some components of whole blood are required for the pulmonary vascular response. These studies have not, however, excluded tissue factors nor have they conclusively shown whether plasma, formed elements or both, are involved in the pulmonary vascular response to endotoxin.
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T HE EFFECT
of E. coli endotoxin on the pulmonary circulation of the dog and cat was recently reported from this laboratory (I). The typical response of the isolated lung perfused with fresh heparinized whole blood is an increase in arterial and venous segment resistances, particularly the latter, and a gain in lung weight. Certain aspects of the response suggested that the vascular alterations resulted from the action of some intermediary substance or substances released from blood or tissues rather than a direct effect of endotoxin.
The present study was undertaken to determine if an intermediary agent is involved in the effect of endotoxin on pulmonary vessels. The isolated perfused lung was chosen as an assay organ because of the relative ease with Received for publication July IO, 1957. , 1952-1957. which the response to endotoxin could be detected. It will be shown that the presence of unspecified blood components is necessary for the production of the pulmonary response to endotoxin.
METHODS
Twelve experiments were performed using the isolated ventilated perfused lung of the dog. In three experiments lungs were perfused with a solution of 6% dextran (Cutter) in Krebs-Henseleit solution (2) in a ratio of 350 : I 50. Four lungs were perfused with 3.5 % gelatin in Krebs-Henseleit solution, and five perfusions were carried out with plasma. Heparin was added to all perfusates in a concentration of 5 mg/Ioo cc. In most studies perfusion with one of the blood substitutes was followed by a thorough perfusion rinsing of the lung with gelatin solution and a flushing of the perfusion apparatus with saline. A perfusion of the same lung was then carried out with freshly drawn heparinized whole blood to make certain that the lung was capable of responding to endotoxin. Twenty five to fifty siphoning off the plasma with plastic tubing it was again centrifuged and the upper fourfifths portion of the plasma was used as the perfusate.
The following modifications were made in the method of perfusing the isolated lung previously described (I). Following removal of the lung from the chest of a 9-12-kg dog the pulmonary artery was cannulated and the lung was flushed with large volumes of dextran or gelatin solution. Thoroughness of the rinsing was gauged by the whiteness of the lung surface and the clarity of the solution emerging from the venous drainage cannula. After a final rinse with the selected perfusate the lung was transferred to a perforated plate and weighed by a method previously described (3 Five milligrams of purified E. coli endotoxin, prepared as previously described (4) , was used in every experiment for testing with each perfusate.
RESULTS
The results of 12 experiments are shown in table I. The characteristic response following the injection of endotoxin failed to occur in all of the lungs perfused with dextran or gelatin solutions (exp. 1~30; Ib-qb). A typical experiment is shown in figure I . A similar lack of response occurred in two of the studies with plasma as the perfusate (IC, zc) and an example is seen in figure 2, although in two others equivocal responses were observed (3c, 4~). A positive response to endotoxin was recorded in one plasma perfusion (5~)~ however in this experiment the plasma contained greater than usual amounts of hemoglobin.
Following a zero response to endotoxin, small doses of drugs were administered to determine the reactivity of the lung vessels (exp. zu, rb, zb, IC-3~). Characteristic responses were obtained in each instance. To be certain that the lungs were still capable of response to endotoxin they were subsequently tested during perfusion with fresh whole blood (exp. 3a, Ib-3b, zc-4c, and see also figs. I and 2). A clearcut response to endotoxin was observed in each instance.
The PH was maintained between 7.50-7.55 in experiments Ib-qb and 3~46 by the ventilation of the lung with 95% oxygen and 5% carbon dioxide. In the remainder of the experiments lungs were ventilated with 100% oxygen or room air and the PH ranged between 7.8-8.2.
DISCUSS10 N
The failure of the pulmonary vessels to respond to endotoxin during perfusion with dextran or gelatin implies that endotoxin does not act directly on these vessels. The variable results with plasma are more difficult to interpret. There are two possible explanations for the two equivocal and the one positive response to endotoxin : the rinsing of the lung may have been incomplete leaving a sufficient quantity of blood to elicit the response. This seems unlikely in that similar occurrences would be expected in the gelatin and dextran perfusions. The more likely explanation is that in obtaining plasma, formed elements were incompletely separated during the centrifugation and siphoning procedures. The two plasma experiments in which the typical response to endotoxin failed to occur, although it could be subsequently elicited during perfusion with whole blood, is strong evidence that endotoxin in the presence of plasma alone is inert. It has also been shown by Rosenfeld (5) that the adrenal response to endotoxin is dependent on the presence of whole blood.
The possibility that endotoxin can react directly and exclusively with pulmonary tissues to produce a vasoactive substance or substances appears to be excluded by the nine negative results. This does not rule out the possibility, however, that other tissues are involved in such a process or that some intermediate reaction in blood involves lung tissue. There is another indication that the pulmonary vascular response to endotoxin involves indirect mechanisms; a delay period equalling or exceeding the time for recirculation through the perfusion system occurs before vascular changes are observed. These results suggest that the effect of endotoxin on the pulmonary vasculature depends on an interaction between endotoxin and some formed constituent of blood.
The findings of this study may be characteristic for vascular beds other than the lung. Experiments are currently in progress with isolated peripheral systemic blood vessels which confirm the results of this study.
